S
tillbirth is a major obstetric complication. There are at least 3.2 million stillbirths worldwide 1 and 26,000 stillbirths in the United States 2 every year. Assignment of a probable cause of death is important to develop interventions for stillbirth prevention. From October [22] [23] [24] 2007 , the Eunice Kennedy Shriver National Institute of Child Health and Human Development convened a workshop of international experts to summarize the issues surrounding defining cause of death for stillbirth. There are currently at least 32 classification systems of stillbirth, many of which have been developed for different purposes. These have differing categories for classifying causes, numerous definitions for relevant conditions, and varying levels of complexity. As a result, no single system is accepted universally. To make progress in this field, it would be advantageous to have a single international system for classifying stillbirths that not only lists and defines potential causes of stillbirth but also estimates the degree of certainty with which the loss can be ascribed to these factors.
After discussing the merits of existing systems, the workshop participants agreed that a valuable classification system for research would identify the pathophysiologic entity initiating the chain of events that irreversibly led to death based on pathologic, clinical, and diagnostic data. There was consensus among experts that the criteria to be used to categorize a particular condition as a cause of stillbirth should consider the following principles: 1) there is epidemiologic data demonstrating an excess of stillbirth associated with the condition, 2) there is biologic plausibility that the condition causes stillbirth, 3) the condition is either rarely seen in association with live births or, when seen in live births, results in a significant increase in neonatal death, 4) a doseresponse relationship exists so that the greater the "dose" of the condition, the greater the likelihood of fetal death, 5) the condition is associated with evidence of fetal compromise, and 6) the stillbirth likely would not have occurred if that condition had not been present, ie, lethality.
Using these criteria, we examined the conditions listed in Box 1 as potential probable causes of death. Our ultimate goal was to develop agreement on the conditions that should be considered potential causes of stillbirth and, when possible, the dose (severity) of that condition necessary to consider that condition a cause of stillbirth.
INFECTION
Stillbirths have been associated with bacterial, viral, and protozoal infections (Table 1 , available online at http://links.lww.com/AOG/A128). 3 Infection is believed to be associated with approximately 10% to 20% of stillbirths in developed countries and with a much greater percentage in developing countries. Infection accounts for a greater percentage of preterm stillbirths than term stillbirths. Nevertheless, the role of infection as the cause of death is difficult to prove for several reasons. First, organisms such as ureaplasma and certain viruses that are causal may not be identified easily. Second, finding organisms in the placenta or fetus does not prove causality. Third, because infection may initiate a chain of events leading to stillbirth, its importance might not be appreciated (eg, parvovirus causing hydrops). Lastly, positive serologic tests do not prove causality. 3 Placental and fetal infections likely originate from two predominant pathways. The most common is an ascending infection from the vagina in the space between the maternal decidua and the fetal membranes. Further spread may result in organisms reaching the amniotic fluid or the fetus. An immune response brings inflammatory cells into the chorioamnion (chorioamnionitis), into the amniotic fluid (amnionitis), to the umbilical cord (funisitis), or to the fetus (usually pneumonitis). Infections also may arise systemically in the woman, spread hematogenously, and reach the fetus through the placental villi (villitis). These types of infection typically involve the fetal liver because that is the first major fetal organ reached, but other organs often are involved. 3 Infection may cause stillbirth by several mechanisms: 1) causing severe maternal illness, 2) infecting the placenta and preventing oxygen and nutrients from crossing to the fetus, 3) infecting the fetus and causing a congenital deformity that is incompatible with life, 4) infecting the fetus and damaging a vital organ such as the brain or heart, and 5) precipitating preterm labor, with the fetus dying in labor.
BOX 1. CONDITIONS ASSOCIATED WITH STILLBIRTH
Severe maternal infection is defined as an illness requiring hospital treatment, usually marked by high fever and the need for treatments such as intravenous antibiotics, surgery, or ventilator support. Reports of stillbirth associated with severe maternal infections including influenza, polio, varicella pneumonia, and other bacterial and viral diseases in the absence of fetal or placental involvement are well-documented. 4, 5 Other examples in this category include stillbirths that occur in the presence of pyelonephritis and appendicitis.
Infection of the placenta with an organism likely to cause a decrease in placental function may lead to stillbirth. Histologic evidence of placental infection of sufficient severity to cause stillbirth is seen with malaria and syphilis. 6, 7 A placental infection may be invoked as a cause of death when there is evidence of maternal infection with an organism known to cause a decrease in placental function and evidence of placental histologic changes compatible with that infection. Infection by Listeria monocytogenes with multiple microabscesses involving the placental parenchyma is an example of acute placentitis, which can be lethal to the fetus. 8 Fetal infection with an organism that may cause a fetal deformity or other abnormality may lead to stillbirth. A classic example of this category is rubella. 9 This mechanism for cause of death may be deduced by the presence of a congenital deformity or other condition known to be caused by a certain organism. Proof of maternal infection with that organism should be documented.
Infection of the fetus with damage to a vital organ such as the brain or heart may result in stillbirth. Examples include fetal infection with group B Streptococcus, Escherichia coli, and Enterococcus. 10 Bacterial infection can be regarded as the cause of death if signs of infection are present in the fetus (eg, pneumonia) or if there is a positive culture of fetal heart blood or of maternal blood combined with signs of infection in the placenta, ie, chorioamnionitis or funisitis. Viral infection can be regarded as the cause of death if there is a positive viral polymerase chain reaction in the placenta or fetal tissue plus signs of viral infection in the fetus or histopathologic examination of the placenta showing signs of viral infection (eg, viral inclusions or villitis). To invoke this mechanism as a cause, there should be evidence on fetal autopsy of extensive organ involvement as well as culture evidence of fetal organ involvement with an organism known to or potentially able to cause stillbirth. Chorioamnionitis by itself should not be considered a cause of stillbirth except as noted below.
Organisms may precipitate preterm labor, with the fetus dying in labor. In developed countries, this occurs most often at previable gestational ages when a decision is made to not intervene (eg, with cesarean delivery) for fetal indications. To invoke this mechanism of fetal death, histologic chorioamnionitis should be present.
MATERNAL MEDICAL CONDITIONS
The associations between preexisting and acquired medical conditions in the woman and the risk of stillbirth are a good illustration of the problems of classifying stillbirth in general ( Table 2 , available online at http://links.lww.com/AOG/A128). Stillbirths in the presence of maternal medical conditions represent a continuum of risk ( Fig. 1) , from those where there is little evidence to support a causal association through to those where the maternal condition can provide a likely explanation for the death of the fetus.
HYPERTENSIVE DISORDERS
Hypertensive disorders are divided into preexisting conditions (chronic hypertension) and disorders acquired during pregnancy (preeclampsia). Overall, the stillbirth rate associated with mild essential hypertension is low and is similar to the rate in the general population. 11 The risk of stillbirth is increased in chronic hypertension when there is associated placental insufficiency. Consequent stillbirths are related to abruption, placental insufficiency associated with fetal growth restriction, and superimposed preeclampsia/ eclampsia (the major cause of morbidity in this group). In the 1950s, preeclampsia/eclampsia was associated with about one fifth of stillbirths. 12 More recently, the Scottish Stillbirth & Infant Death Enquiry (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) ) related 6 -7% of stillbirths to preeclampsia, which is consistent with other international studies (4 -9%). 13 The risk of stillbirth increases with multisystem disease: 21 per 1,000 with severe preeclampsia without hemolysis, elevated liver enzymes, low platelets syndrome, 22 per 1,000 with eclampsia, and 50 per 1,000 with hemolysis, elevated liver enzymes, low platelets syndrome.
14 Preeclampsia may be considered as a cause of death if it progresses to eclampsia or if it is associated with placental abruption or fetal growth restriction. Whether preeclampsia of lesser degrees of severity should be considered the cause of death is unclear. Some authorities consider preeclampsia as a placental cause of death and do not generally consider preeclampsia itself as a cause of stillbirth.
DIABETES MELLITUS
Diabetes mellitus leads to an increased risk of stillbirth through multiple pathways: congenital abnormality, placental insufficiency/fetal growth restriction, macrosomia, and intrapartum stillbirth due to obstructed labor. The link between excessive fetal growth and stillbirth likely involves maternal hyperglycemia leading to fetal hyperglycemia, which in turn triggers excess fetal insulin production to maintain fetal plasma glucose levels in the physiologic range. In the fetus, insulin stimulates fetal growth, which may result in metabolic acidosis if excessive and if the placental oxygen supply is insufficient. The endpoint of this process may be stillbirth. The risk of stillbirth is increased in women with poor glycemic control. However, the exact relationship between quantitative measures of glycemic control and the risk of stillbirth is not well-characterized.
Stillbirth rates in women with diabetes are relatively low in case series from tertiary care referral centers. However, population-based studies in both the United Kingdom and the United States demonstrate increased risks of stillbirth among women with diabetes. A study of U.S. birth-certificate data describes a 2.5-fold increased risk of stillbirth, 15 and a national audit of pregnant women with diabetes in the United Kingdom reports a fourfold to fivefold increased risk (ie, 25-30/10,000). 16 Stillbirth rates were similar for type 1 and non-insulin-dependent diabetes mellitus. 16 Diabetes mellitus may be considered the cause of death when there is previously known (or clinically diagnosed at birth) insulin-dependent diabetes mellitus and signs of either intrauterine or intrapartum asphyxia, large for gestational age fetus, small for gestational age (SGA) fetus, or severe malformation. Diabetes also can be considered as the cause of death in non-insulin-dependent diabetes mellitus or gestational diabetes when there are signs of intrauterine or intrapartum asphyxia or if the placenta demonstrates characteristic histopathologic findings such as immature villi with mild stromal edema, enlarged villous diameters, and an increase in the prominence of cytotrophoblast. However, stillbirth should not be ascribed to diabetes when non-insulin-dependent diabetes mellitus or gestational diabetes is the sole positive finding.
THYROID DISEASE
Treated thyroid disease carries a low risk of stillbirth and should not be considered a cause of death. The exception is Graves' disease, with thyroid-stimulating hormone receptor antibody (thyroid stimulation immunoglobulin) leading to fetal thyrotoxicosis. This may occur even if the woman is euthyroid. Even then, Graves' disease is a rare cause of stillbirth; only 1% of neonates exhibit hyperthyroidism with the presence of maternal antibody. 17 There is an increased risk of stillbirth among women with untreated hyperthyroidism (100/1,000). 18 Untreated hypothyroidism also is associated with a higher risk of stillbirth (40/1,000) when it is symptomatic and associated with abruption and pregnancy-induced hypertension.
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RENAL DISEASE
The association of renal disease with stillbirth depends on the severity of renal impairment and the presence of hypertension. The risk of stillbirth increases with increasing severity of renal impairment. There is a positive linear relationship between maternal creatinine levels and stillbirth rates: creatinine Ͻ1.3 mg/dL (115 micromol/L), stillbirth rate 15 per 1,000; creatinineϭ1.3-1.9 mg/dL (115-168 micromol/L), stillbirth rate 30 -100 per 1,000; creatinine Ͼ1.9 mg/dL (168 micromol/L), stillbirth rate 200 -800 per 1,000.
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LIVER DISEASE
Cholestasis of pregnancy, the most common form of noninfectious liver disease presenting in pregnancy, is associated with stillbirth. Raised bile acid levels (40 -70 micromol/L) plus a history of pruritus historically are associated with high rates of stillbirth (60 -70/1,000). 20 Acute fatty liver of pregnancy is a rare condition that is an accepted cause of fetal death. 21 Connective tissue disease such as systemic lupus erythematosus is associated with increased rates of stillbirth of about 40 -70 per 1,000. 18 Stillbirth rates are increased further if there is active disease at the start of pregnancy, associated hypertension, lupus nephritis (up to 300/1,000), and antiphospholipid syndrome. 22 Women with systemic lupus erythematosus and those with Sjögren's syndrome may have circulating auto-antibodies, anti-Ro and anti-La. These antibodies can cross the placenta and react with antigens in the fetal cardiac-conduction system, leading to congenital heart block. This can lead to hydrops and fetal death.
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ANTIPHOSPHOLIPID SYNDROME
Antiphospholipid syndrome is an autoimmune disorder characterized by the presence of antiphospholipid antibodies and one or more clinical features, including pregnancy morbidity such as recurrent early pregnancy loss, fetal death, and preterm birth due to placental insufficiency or thrombosis. 23 The three best-characterized antiphospholipid antibodies are lupus anticoagulant, anticardiolipin antibodies, and anti-beta2-glycoprotein-I antibodies. Lupus anticoagulant is considered either positive or negative. Moderate or high positive levels of immunoglobulin G or immunoglobulin M anticardiolipin or anti-␤-2-glycoprotein-I antibodies (two occasions 12 weeks apart at 99% or higher) are considered criteria for the syndrome. 23, 24 The mechanism of pregnancy loss remains uncertain but includes inflammation, thrombosis, and infarction in the placenta. Treatment with thromboprophylactic doses of heparin and low-dose aspirin appears to improve obstetric outcome in women with antiphospholipid syndrome. 25 Antiphospholipid syndrome may be considered a probable cause of death when antiphospholipid syndrome is diagnosed in the woman and there is either 1) clear histopathologic evidence of placental insufficiency (eg, examination of the placenta shows more than 30% infarction or thrombosis in fetal placental vessels) or 2) clear clinical evidence of placental insufficiency (eg, birth weight less than the 3rd percentile for gestational age, severe preeclampsia, or abnormal fetal testing).
HERITABLE THROMBOPHILIAS
The role of heritable coagulopathies or thrombophilias involving deficiencies or abnormalities in anticoagulant proteins or an increase in procoagulant proteins in stillbirth is unclear. Case series and retrospective studies have reported an increased stillbirth risk associated with the factor V Leiden mutation (associated with abnormal factor V resistance to the anticoagulant effects of protein C), the G20210A mutation in the promoter of the prothrombin gene, and deficiencies of the anticoagulant proteins antithrombin III, protein C, and protein S. 26 -28 Similar to antiphospholipid syndrome, the histologic findings of placental infarction, necrosis, and vascular thrombosis observed in some cases of stillbirth have led to the hypothesis that thrombophilia also may be associated with thrombosis in the uteroplacental circulation. Excessive thrombosis of placental or fetal stem vessels or placental infarction may lead to uteroplacental insufficiency and hypoxia.
Two large prospective cohort studies, however, found no association between the factor V Leiden mutation and either pregnancy loss or obstetric complications characterized by placental insufficiency. 29, 30 The lack of an association between thrombophilias and pregnancy loss in these prospective cohorts raises questions about the validity of an association between thrombophilia and stillbirth. Also, thrombophilias are extremely common in healthy women with normal pregnancy outcomes. Thrombophilia in association with the following conditions may be associated with the occurrence of stillbirth: 1) clinical evidence of placental insufficiency such as fetal growth restriction or placental infarction and 2) recurrent fetal loss. However, thrombophilia alone should not be considered a cause of stillbirth; in this situation, it may be considered a risk factor.
RED CELL ALLOIMMUNIZATION
More than 50 different red-cell antigens have been reported to be associated with hemolytic disease of the fetus and newborn. However, three antibodiesanti-Rhesus D, anti-Rhesus C, and anti-Kell-account for the majority of fetuses with severe disease, ie, those requiring intrauterine transfusion or resulting in hydropic stillbirth. The widespread use of Rhesus immune globulin has resulted in a large reduction in the incidence of Rhesus alloimmunization in pregnancy. However, prophylactic immune globulins to prevent maternal antibody formation to other red-cell antigens are not available currently. For this reason, maternal alloimmunization to non-Rhesus antigens continues to contribute to the incidence of stillbirth. 31 For red cell alloimmunization to be considered a cause of stillbirth, the following criteria should be present: 1) maternal antibodies against the pertinent antigen (positive indirect Coombs' test), 2) antibody titers 1:16 or more of the pertinent antibody (for antibodies against Kell, 1:8 or more is considered significant), 3) clear evidence of fetal anemia with hydrops, and 4) evidence of fetal extramedullary hematopiesis.
PLATELET ALLOIMMUNIZATION
Platelet alloimmunization may be a cause of stillbirth. Fetal/neonatal alloimmune thrombocytopenia results from maternal alloimmunization against fetal platelet antigens inherited from the father (absent on maternal platelets). When severe, fetal alloimmune thrombocytopenia results in intracranial hemorrhage and stillbirth. In Caucasians, HPA-1a is the most frequently implicated platelet antigen, followed by HPA-5a; for Asians, HPA-4 antigen is most commonly linked to fetal/neonatal alloimmune thrombocytopenia. 32 For platelet alloimmunization to be considered a cause of stillbirth, the following criteria should be present: 1) maternal antibodies against pertinent paternal and fetal platelet antigen, 2) parental platelet antigen incompatibility for the pertinent platelet antigen, 3 
CONGENITAL MALFORMATIONS
Although some have recommended that extensive postnatal evaluation of the fetus be performed only in selected cases, the frequent occurrence of unexpected and unanticipated findings is argument for routine, comprehensive assessment of all stillbirths. 33 Using such an approach, around 20% of stillborns will have detectable congenital anomalies as fetal causes of death. 34 There is heterogeneity of diagnoses, with more than 90 associated disorders and no single diagnosis accounting for more than 1.5% of all occurrences (Table 3 , available online at http://links.lww.com/AOG/A128).
A malformation can be considered the cause of death based on specific criteria; fulfilling any one of the following is sufficient to postulate that a particular process is causal:
1. There are epidemiologic data demonstrating an excess of intrauterine mortality (eg, Turner syndrome, Down syndrome, trisomy 18, and Smith Lemli Opitz syndrome). 2. The process is seen rarely in liveborn neonates (eg, lower mesodermal defects, triploidy, and early amnion disruption). 3. When the process is seen in liveborn neonates, it frequently results in neonatal death (anencephaly, congenital cardiomyopathy, hydranencephaly, and limb-body wall disruption sequence). 4. There is biologic plausibility that it can result in death (aprosencephaly syndrome, Meckel syndrome, and jugulolymphatic obstruction sequence).
If multiple criteria are met, the likelihood that the process caused death is increased.
CHROMOSOMAL ABNORMALITIES
Chromosomal abnormalities of either the fetus or the placenta meet the criteria for causality. Although it is well-accepted that additional or missing genetic material can lead to fetal death, the exact molecular mechanisms by which this occurs for any specific imbalance is unknown. Factors that appear to have an effect on lethality include the specific chromosome error involved, the associated fetal structural anomalies, and the distribution of the abnormal cell line within the fetus, the placenta, or both.
Overall, fetal cytogenetic abnormalities account for 6 -13% of all stillbirths, 35, 36 but the proportion is higher with macerated or malformed fetuses. In a large study of 750 stillbirths, 38% of stillborns with morphologic abnormalities had chromosomal abnormalities compared with 4.6% in those without morphologic abnormalities. 35 The distribution of chromosomal abnormalities associated with stillbirth is similar to that seen in live births (monosomy X: 23%, trisomy 21: 23%, trisomy 18: 21%, and trisomy 13: 8%). 36 Of fetuses older than 20 weeks of gestation with trisomy 21 or trisomy 18, 10% and 32%, respectively, result in stillbirth with no gestational-age clustering of the time of fetal death. 37 The frequency of cytogenetic abnormalities in stillbirths may be higher than suggested originally because 40 -50% of attempted karyotypes fail as a result of inadequate cell growth. Use of newer cytogenetic techniques in which tissue culture is not required should result in a more precise evaluation of the effect of cytogenetic imbalances on fetal death. In addition, older series used lower resolution banding techniques, which will miss smaller but phenotypically significant defects such as microdeletions or duplications. Recently, molecular karyotyping by array-based analysis has provided exceedingly highresolution genomic analysis independent of the ability of the cells to grow or generate good metaphase spreads (Fig. 2) . Although small genomic changes have been demonstrated to be important in a number of genetic disorders, 38 their significance as a cause of stillbirth has not been evaluated.
Confined placental mosaicism, in which the karyotype of the fetus is euploid despite an abnormal cell line in the placenta, has been appreciated only recently as a cause of stillbirth (Fig. 3 , available online at http://links.lww.com/AOG/A128). Confined placental mosaicism occurs in approximately 1-2% of first-trimester chorionic villus samples. In most of these cases, the abnormal cell line has no phenotypic consequence, but it is associated with an altered perinatal outcome such as spontaneous abortion, stillbirth, or fetal growth restriction in 15-20% of affected pregnancies. Factors that predict pregnancy outcome in confined placental mosaicism include the specific chromosome involved (eg, chromosomes 2, 3, 9, 14, 15, 16, and 18 are known to alter outcome), the persistence of the abnormal cell line throughout pregnancy, the percentage of aneuploid cells in the placenta, the cell lineage containing the aneuploid cells, and possibly the presence of uniparental disomy. 39 For example, confined placental mosaicism of trisomy 16 is associated with a particularly high probability of fetal death, preterm delivery, fetal growth restriction, and fetal anomalies, with less than one third of affected pregnancies resulting in a full-term, normally grown neonate. 40 Fetal single gene and mendelian disorders also may result in stillbirth. Autosomal recessive disorders such as hemoglobinopathies (eg, alpha thalassemia), metabolic diseases such as Smith Lemli Opitz syndrome, glycogen storage diseases, peroxisomal disorders, and amino acid disorders all have been associated with stillbirth, albeit by different mechanisms. Unfortunately, it may be difficult to identify autosomal recessive disorders as the cause of stillbirth because the phenotype in lethal cases may differ from that seen in live births and will not be familiar to clinical dysmorphologists accustomed to examining liveborns. This has resulted in a relative paucity of information on lethal fetal phenotypes. This is compounded by the fact that there is not a detailed registry of recognizable stillbirth syndromes.
Autosomal dominant disorders also may result in stillbirth and usually result from spontaneous muta- tions (eg, skeletal dysplasias) but on rare occasions may occur secondary to a parental mutation with in utero consequences (eg, prolonged QT interval). In addition, X-linked dominant mutations may be lethal in male fetuses. Because of skewed X inactivation, affected women will not be affected as severely and, unless examined by an experienced geneticist, their altered phenotype may be missed.
FETOMATERNAL HEMORRHAGE
Fetomaternal hemorrhage is defined as the transplacental passage of fetal cells to the maternal circulation and has been attributed as the cause of 4% of all stillbirths. [41] [42] [43] It is important to distinguish between the physiologic fetomaternal hemorrhage that commonly occurs during normal pregnancy and pathologic fetomaternal hemorrhage. There is often some transplacental passage of fetal cells into the maternal circulation during normal pregnancy, occurring as early as 8 weeks of gestation. 44 Although fetal cells are detectable in about 50% of women after delivery, 45 they are less than 1% of the total fetal-placental blood volume in the vast majority of cases.
The most consistent risk factors associated with fetomaternal hemorrhage appear to be abruption and abdominal trauma. Other risk factors are cesarean delivery, operative vaginal delivery, retained placenta, multiple gestations, and abnormal fetal testing.
The threshold for fetomaternal hemorrhage severe enough to cause stillbirth is unknown. The clinical effect of fetal bleeding is influenced by whether the hemorrhage is acute or chronic. Acute fetomaternal hemorrhage leads to severe fetal anemia, ultimately resulting in cardiovascular decompensation, stroke, disseminated intravascular coagulation, and stillbirth. In contrast, chronic bleeding is associated with chronic hypoxia leading to neurologic impairment or stillbirth. Chronic bleeding may be established through the identification of erythroblasts and reticulocytes in fetal blood using flow cytometry. 44 Gestational age (and consequently the fetal-placental blood volume) at the time of the fetomaternal hemorrhage also influences the risk of stillbirth. Estimation of the fetomaternal hemorrhage volume can be performed (Box 2). Consider that a 30-mL loss from a 600-g fetus represents 42% of the total fetal blood volume, whereas the same bleed in a 3,600-g fetus is only 7%. 46 A large fetomaternal hemorrhage will cause severe fetal anemia and, in some cases, fetal death due to exsanguination. A 50% mortality rate in fetuses with acute bleeds of 20% or more of their total blood volumes has been noted. 46 Using a threshold of 20 mL/kg of fetal bleeding, the rate of severe fetomaternal hemorrhage was 1.1 per 1,000 in a cohort of 45,180 deliveries. This threshold was associated with an increased risk of stillbirth, induced preterm delivery, neonatal intensive care unit admission, and neonatal anemia requiring transfusion. 47 There is no gold standard for attributing stillbirth to fetomaternal hemorrhage. A threshold of more than 20 mL/kg appears to be a reasonable criterion to attribute fetomaternal hemorrhage as the cause of death. In addition to the Kleihauer-Betke or flow cytometry results, there should be autopsy confirmation of fetal anemia and hypoxia to attribute stillbirth to fetomaternal hemorrhage.
BOX 2: ESTIMATION OF THE FETOMATERNAL HEMORRHAGE VOLUME (FETAL RED CELLS IN THE MATERNAL CIRCULATION)
• FMH red cell volumeϭfetal red cell volumeϭmaternal blood volumeϫmaternal Hctϫfetal red cell percent in maternal blood • FMH whole blood volumeϭfetal whole blood volumeϭ(maternal blood volumeϫ maternal Hctϫfetal red cell percent in maternal blood)/fetal Hct Assuming:
• Maternal whole blood volume Ϸ5,000 mL
• Maternal Hct Ϸ0.35
• Fetal Hct Ϸ0.50
For example, the assay for fetal cells (eg, Kleihauer Betke) determines that fetal cells are 2% of cells in maternal blood.
• Fetal red cell volume in maternal circulation:
5,000ϫ0.35ϫ0.02ϭ35 mL red cells • Fetal whole blood volume in maternal circulation: 5,000ϫ0.35ϫ0.02/0.5ϭ70 mL whole blood Seventy milliliters of whole blood would be approximately 60% of the fetoplacental blood volume at 30 weeks of gestation-objective evidence that fetomaternal hemorrhage was the likely cause of the stillbirth. Nomograms are available for fetoplacental blood volume over different gestational ages.
FMH, fetomaternal hemorrhage; Hct, hematocrit.
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FETAL GROWTH RESTRICTION
Fetal growth restriction is not an actual cause of stillbirth but a highly relevant condition that is found in a significant proportion of stillbirths and in the majority of the cases that currently are classified as unexplained. 48 Pathologic associations with fetal growth restriction include fetal abnormalities (eg, chromosomal and structural anomalies); multifetal pregnancy; maternal conditions such as infection (eg, cytomegalovirus), hypertensive disease, malnutrition, and smoking; placental disease; and cord abnormalities such as velamentous cord insertion.
Fetal growth restriction can be defined as the failure of the fetus to reach its growth potential. The definition of fetal growth restriction used in clinical practice differs widely: estimated fetal weight or birth weight lower than the 10th or lower than the 5th percentile of the population or less than 2 standard deviations below the mean (3rd percentile). However, the use of population-based percentiles does not account for an individual fetus's inherent growth potential.
Customized growth curves adjust for physiologic variation such as maternal height, weight, parity, and ethnic origin and thus are better able to distinguish between normal small and pathologically small fetuses (Fig. 4A and B , available online at http://links.lww.com/AOG/A128). In a comparative study of a large Swedish database, 49 there was a sixfold increase in stillbirth when a fetus was SGA below the 10th percentile by customized growth charts, and such customization resulted in a larger proportion of fetuses being identified as at risk. In contrast, there was no increase in the risk of stillbirth when a fetus was SGA by population-based curves alone, ie, not SGA by customized standards. There was also a dose-response effect, with the more profound the SGA, the greater the risk for fetal death. Although the majority of stillbirths are preterm, fetuses that die at earlier gestational ages are also more severely growth restricted. 50 Diagnosis of fetal growth restriction with reference to stillbirth may be: 1) antenatal-usually by prospective assessment with ultrasonography, 2) postnatal-by birth weight compared with growth potential, and 3) pathology-postmortem, placenta. The association between antenatally detected fetal growth restriction and stillbirth probably is underestimated because the resulting delivery, when severe fetal growth restriction is detected, will prevent the occurrence of stillbirth. In addition, the antenatal diagnosis of fetal growth restriction is unreliable, with studies suggesting that, in unselected populations, less than a third of liveborn SGA neonates (lower than the 10th percentile) are detected to be small antenatally. 51 On postmortem examination (when available), histopathologic evidence can support the diagnosis of fetal growth restriction. Markers of redistribution of blood flow to maintain brain growth, a key finding in fetal growth restriction, include: 1) head-circumference percentile higher than weight percentile, 2) brain weight appropriate for gestation but other organs appropriate for body weight, and 3) altered brain weight:liver weight ratio.
PLACENTAL CAUSES
Placental examination may reveal underlying probable causes of stillbirth, including those related to circulatory abnormalities such as abruption, infection/inflammation, genetic/chromosomal abnormalities such as confined placental mosaicism, hydrops, and vascular lesions. Probable placental causes of stillbirth include developmental abnormalities of the placenta such as placenta previa, vasa previa, and neoplasms.
Of migrational disorders, vasa previa occurs when submembranous fetal vessels cross the endocervical os. It may cause stillbirth as a result of rupture of fetal vessels during labor or rupture of membranes leading to fetal exsanguination or both. Fetal blood may pass through the vagina rather than entering the maternal circulation. Histologic evaluation of the placenta and cord confirms the diagnosis.
Circulatory disorders of the placenta related to the occurrence of stillbirth may be on the maternal or fetal side (Fig. 5) . A major maternal circulatory disorder is abruptio placenta, which may be considered a cause of death when there are clinical signs of a large abruption or histopathologic examination of the placenta showing extensive signs of abruption (Fig. 6 , available online at http://links.lww.com/AOG/A128). The adjusted relative risk was 8.9 (95% confidence interval [CI], 6.0 -13.0) for stillbirth in a cohort of women with abruption. The subset of women with more than 75% placental separation had an adjusted relative risk for stillbirth of 31.5 (95% CI 17.0 -58.4). 52 The diagnosis of abruption often is made based on clinical parameters. The most common is vaginal bleeding, which occurs in a majority of women with abruption. However, some patients will have a concealed abruption in which blood from premature placental separation remains trapped behind the placenta, never passing through the vagina where it becomes obvious to the clinician. Other clinical signs of abruption include abdominal pain, abnormal fetal heart rate tracings indicative of hypoxia, and abnor-mal uterine contraction patterns with either titanic contractions and hyperstimulation or tachysystole. Clinicians often estimate the degree of placental detachment based on gross evaluation of the placenta. However, it may be difficult to determine whether the detachment occurred before or after death in cases of antepartum stillbirth. These clinical parameters are central to the diagnosis of abruption, but they are inherently subjective. Placental abruption may be considered the cause of death when there are clinical signs of a large abruption or histopathologic examination of the placenta showing extensive signs of abruption (more than 30%).
Histologic evaluation of the placenta can be helpful in documenting abruption. In cases of chronic abruption, there may be hemosiderin deposits in the placenta. After time, both perivillous and marginal fibrin deposition and decidual necrosis may be present. 53 In other cases, there may be evidence of abnormal placental vasculature, thrombosis, and reduced placental perfusion (eg, infarction).
Placental pathology resulting from underlying maternal or fetal disease also may result in stillbirth. An SGA placenta, defined as being less than 5% of the expected weight for corresponding gestational age, usually is due to reduced uteroplacental blood flow and associated impaired villous growth and development. This finding often is associated with maternal vascular diseases such as preeclampsia/ eclampsia, hypertension, and diabetes mellitus with renal disease. In chronic infections and aneuploidies, placental growth also is impaired. In maternal hypertensive conditions, the placenta often shows multiple infarcts and decidual vasculopathy with acute atherosis.
Large for gestational age placenta is defined as being more than 95% of the expected weight for corresponding gestational age. Relatively common causes of large placentas associated with stillbirth include hydrops fetalis as a result of immune or nonimmune causes, maternal diabetes mellitus, and specific infections such as syphilis. 54, 55 
UMBILICAL CORD PATHOLOGY
Umbilical cord abnormalities account for 3.4 -15% of stillbirths. 56, 57 Velamentous insertion of the umbilical cord occurs when vessels insert on the membranes rather than the placenta (Fig. 7A and B , available online at http://links.lww.com/AOG/A128). It may cause stillbirth if it leads to a vasa previa. With furcate insertion of the umbilical cord, the umbilical cord blood vessels lose the protective cover of Wharton's substance before entering the chorionic plate. Owing to splaying of the vessels and their wide distribution, the vessels are exposed to external trauma. During labor and delivery, they may rupture, twist, and consequently compromise the placental circulation, resulting in stillbirth.
Umbilical cord prolapse is an obstetric emergency that causes stillbirths and is defined as presentation of the cord in advance of the presenting fetal part. Cord prolapse is associated with abnormal presentation, prematurity, multiparity, obstetric manipulation, and abnormally long umbilical cords. Umbilical cord occlusion results in cessation of blood flow to the fetus; there are several potential mechanisms whereby cord accidents could lead to stillbirth. These include intermittent disruption of blood flow such as cord prolapse, fetal blood loss through cord hemorrhage, intrinsic cord abnormalities, and entanglement of the cords in the case of monochorionic twins. 57 Umbilical cord torsion has been reported as a cause of fetal death and is seen most frequently at the fetal end of the cord. If the torsion occurred antemortem, the cord should remain twisted after separation of the fetus from the placenta. The involved cord is congested and edematous, often with evidence of thrombosis of the cord vessels. 60 Other uncommon causes of death include rupture, strictures, and hematomas of the umbilical cord.
Cord entanglement in the form of nuchal cords occurs in up to 30% of uncomplicated pregnancies. In a cohort-control study of almost 14,000 deliveries, single nuchal cords were present at birth in 23.6% and multiple nuchal cords in 3.7% of deliveries. 61 Nuchal cords were not associated with an increased risk of stillbirth in this cohort (odds ratio for stillbirth of 1.03, 95% CI 0.64 -1.60). 61 Similarly, true knots also are common in live births. Examination of a tight knot may show grooving of the cord and constriction of the umbilical vessels in longstanding cases and edema, congestion, or thrombosis in more acute ones. It is difficult to attribute any adverse outcome to the presence of a knot in the absence of such changes. Thus, the isolated finding of a nuchal cord or true knot at the time of birth is insufficient evidence that cord accident is the cause of the stillbirth.
Ideally, corroborating evidence should be present to conclude that a cord accident is the likely cause of death. First, other recognized causes of stillbirth should be excluded through a careful and systematic evaluation. Second, there should be evidence of cord occlusion and hypoxia on perinatal postmortem examination and histologic examination of the placenta and umbilical cord. Recently, Parast et al suggested histologic criteria for the diagnosis of cord accident. 62 They propose vascular ectasia and thrombosis within the umbilical cord, chorionic plate, or stem villi as minimal histologic criteria suggestive of cord accident. For a probable diagnosis, they require the previous findings as well as regional distribution of avascular villi or villi showing stromal karyorrhexis.
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COMPLICATIONS OF MULTIFETAL GESTATION
Specific placental abnormalities are associated with multiple gestations, mostly monochorionic placentation. The most common of these complications is twin-twin transfusion, which occurs in 9% of monochorionic diamniotic gestations as a result of arteriovenous anastomoses within the placenta 63 ( Fig. 8 , available online at http://links.lww.com/AOG/A128). Ultrasonographic findings vary but typically involve impaired growth, oligohydramnios, absent bladder filling, and increased resistance to flow in the umbilical cord of the donor. The recipient is usually normally grown with hydramnios. If severe, either twin may exhibit cardiac dysfunction or hydrops (often in the recipient) or may die. The mortality rate can be 90% in untreated cases.
Monochorionic monoamniotic twins occur in 5% of monochorionic twins. There is a high stillbirth rate, in large part due to cord entanglement because both fetuses and both cords are in the same amniotic sac. Other potential contributors to fetal death include preterm birth, growth impairment, malformations, genetic abnormalities, and vascular anastomoses.
Twin reverse arterial perfusion sequence is a rare complication of monochorionic twins and occurs in up to 1% of monochorionic pregnancies, resulting from artery-artery anastomoses with reverse perfusion in one of the twins. Reverse flow of deoxygenated blood leads to the abnormal development of one twin so that the heart develops abnormally and cannot function. This "acardiac" twin cannot survive. However, the pump twin also is at risk of stillbirth because of the additional cardiac demands of perfusing the acardiac twin. Mortality in untreated cases has been reported to be as high as 50 -75%.
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AMNIOTIC BAND SEQUENCE
Amniotic band sequence is a sporadic condition of uncertain cause that refers to the entrapment of fetal parts by disrupted amnion and often results in stillbirth. Findings are variable and include amputations, constrictions, clefts, and deformations as well as amniotic bands in contact with deformities.
UTERINE COMPLICATIONS
Uterine rupture may be regarded as the cause of stillbirth when clinical signs of obstructed circulation occur. There is also an increased risk for uterine abnormalities in women with recurrent pregnancy loss including stillbirth. 65, 66 The mechanism leading to fetal death is uncertain but is thought to be a result of poorly vascularized uterine tissue or space constraints. In addition to directly causing stillbirth, uterine malformations may lead to stillbirth indirectly by increasing the risk for preterm premature rupture of membranes, cervical insufficiency, and preterm labor.
Septate uterus is the anomaly most commonly associated with stillbirth. The septum has a relatively high proportion of avascular connective tissue relative to muscle (compared with the vascular uterine fundus). Thus, implantation on the septum may lead to decreased blood flow and pregnancy loss. Implantation on a uterine septum also increases the risk for placental abruption, another cause of stillbirth.
INTRAPARTUM STILLBIRTH
Intrapartum stillbirth rates (the death of a fetus during labor and delivery) are about 1 per 1,000 births in developed countries compared with 7.3 per 1,000 births in developing countries and range as high as 20 -25 per 1,000 births for some countries in southern Africa and Asia. About one tenth of stillbirths in developed countries are intrapartum; in some developing countries, with much higher overall stillbirth rates, 50% or more of stillbirths are intrapartum. 67 Causes of intrapartum stillbirth include shoulder dystocia, malpresentation, cord prolapse, severe birth trauma, and fetal hypoxia as occurs with abruption or uterine rupture. In addition, there is an increased risk of intrapartum stillbirth for the second twins regardless of chorionicity.
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CENTRAL NERVOUS SYSTEM
When considering the relationship of central nervous system (CNS) findings in stillbirth to the cause of death, it is often difficult to determine whether they are 1) a direct cause of death, 2) associated with a systemic process or disease with the direct cause of death in another organ system, 3) indicators of a pathophysiologic process leading to death (such as hypoxia), or 4) incidental.
Central nervous system infection, hypoxic-ischemic injury, or intracranial hemorrhage can lead to stillbirth, but the underlying cause resides outside the CNS. Infections that produce significant necrosis and inflammation, such as cytomegalovirus, varicella, toxoplasmosis, and Listeria, may lead to death by destructive lesions in the CNS. However, these infections often result in injury to other organs as well.
3 Ischemic brain lesions may be associated with abnormalities of placental-fetal blood flow or intrauterine infection. Hypoxia-ischemic injury in the brain of a stillborn can be expressed as germinal matrix hemorrhage, whitematter injury, or neuronal injury, and the vulnerability of different brain regions is strongly related to gestational age. 69 Maternal trauma or coagulopathy may lead to large subdural hemorrhages that impair survival. 70, 71 Fetal CNS neoplasms are rare but can be a cause of stillbirth. 72 In summary, we attempted to define the medical and obstetric conditions that cause stillbirths and, when feasible, the characteristics of those conditionswhen present-that one could use to attribute that cause to a specific stillbirth. However, there was universal agreement among the conference attendees that, in virtually all cases, there will be a degree of uncertainty regarding whether a specific condition was indeed the cause of death. To deal with this uncertainty, some existing classification systems note which potentially relevant conditions were present in cases of stillbirth, whereas other classification systems code each condition as a certain, probable, or possible cause. Although there is no standard method to deal with the inherent uncertainty, each classification system should recognize this uncertainty as an important issue and address it in some manner. In this article, we developed definitions by which a condition should be considered a cause of death, regardless of the system used.
There is still varying and considerable uncertainty in establishing the cause of death for many cases of stillbirth because of our incomplete understanding of the underlying pathophysiology. Given the involvement of the woman, the fetus, and the placenta, a shared organ, it is imperative that studies to elucidate cause involve thorough investigation of how a disease process affects all three components. This knowledge is needed to design interventions that will reduce the incidence of stillbirth and lead to the birth of a healthy newborn.
